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Objective: Abdominal aortic aneurysm (AAA) screening remains largely underutilized in the U.S., and it is likely that the
proportion of patients with aneurysms requiring prompt treatment is much higher compared with well-screened pop-
ulations. The goals of this study were to determine the proportion of AAAs that required prompt repair after diagnostic
abdominal imaging for U.S. Medicare beneﬁciaries and to identify patient and hospital factors contributing to early vs late
diagnosis of AAA.
Methods: Data were extracted from Medicare claims records for patients at least 65 years old with complete coverage for 2
years who underwent intact AAA repair from 2006 to 2009. Preoperative ultrasound and computed tomography was
tabulated from 2002 to repair. We deﬁned early diagnosis of AAA as a patient with a time interval of greater than 6
months between the ﬁrst imaging examination and the index procedure, and late diagnosis as patients who underwent the
index procedure within 6 months of the ﬁrst imaging examination.
Results: Of 17,626 patients who underwent AAA repair, 14,948 met inclusion criteria. Mean age was 77.5 6 6.1 years.
Early diagnosis was identiﬁed for 60.6% of patients receiving AAA repair, whereas 39.4% were repaired after a late
diagnosis. Early diagnosis rates increased from 2006 to 2009 (59.8% to 63.4%; P < .0001) and were more common for
intact repair compared with repair after rupture (62.9% vs 35.1%; P < .0001) and for women compared with men (66.3%
vs 59.0%; P < .0001). On multivariate analysis, repair of intact vs ruptured AAAs (odds ratio, 3.1; 95% conﬁdence
interval, 2.7-3.6) and female sex (odds ratio, 1.4; 95% conﬁdence interval, 1.3-1.5) remained the strongest predictors of
surveillance. Although intact repairs were more likely to be diagnosed early, over one-third of patients undergoing repair
for ruptured AAAs received diagnostic abdominal imaging greater than 6 months prior to surgery.
Conclusions: Despite advances in screening practices, signiﬁcant missed opportunities remain in the U.S. Medicare pop-
ulation for improving AAA care. It remains common for AAAs to be diagnosed when they are already at risk for rupture.
In addition, a signiﬁcant proportion of patients with early imaging rupture prior to repair. Our ﬁndings suggest that
improved mechanisms for observational management are needed to ensure optimal preoperative care for patients with
AAAs. (J Vasc Surg 2013;57:1519-23.)Abdominal aortic aneurysms (AAAs) remain a common
problem in the elderly and recent efforts have focused on
early diagnosis as a mechanism to improve outcomes.
Previous studies have demonstrated that AAA screening
markedly decreases aneurysm-related mortality.1 Current
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old at-risk individuals2 deﬁned as men with a smoking
history of greater than 100 cigarettes or any person with
a family history of AAAs. In a well-screened population,
the vast majority of AAAs should be diagnosed early
when the aneurysm is still small. “Early diagnosis” patients
can be observed and treated surgically when the AAA
meets size criteria for repair. Even in a well-screened pop-
ulation, approximately 10% to 12% of those found to have
an AAA at initial screening will have an aneurysm that
already meets size criteria for prompt repair,3,4 constituting
a “late diagnosis” cohort. It is likely that the proportion of
those with a late AAA diagnosis will be much higher in less
well-screened populations.
Even with expansion in insurance coverage for
screening in the elderly, AAA screening appears to be
largely underutilized in the U.S.5 The goal of this study
was to document the preoperative imaging history for
Medicare beneﬁciaries who underwent AAA repair in the
U.S., with particular emphasis on determining the propor-
tion of AAAs that required prompt repair after diagnostic
abdominal imaging. We also sought to investigate patient
and hospital factors contributing to early versus late diag-
nosis of AAA.1519
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Data sources. We used data from 2002 to 2009
Medicare claims for a 20% random sample of traditional
fee-for-service beneﬁciaries and identiﬁed study variables
from inpatient claims from the Medicare Provider and
Analysis Review (MedPAR, part A) ﬁles and physician claims
from Carrier (part B) ﬁles. These ﬁles contain information
for all hospitalizations and physician services that were billed
to the Center for Medicare and Medicaid Services. We
identiﬁed diagnoses and hospital procedures using Interna-
tional Classiﬁcation of Diseases, ninth revision, clinical
modiﬁcation (ICD-9-CM) codes recorded on inpatient
claims and physician procedures using current procedure
terminology codes. We obtained demographic data,
enrollment information including enrollment gaps or
enrollment in Medicare Advantage, and death information
from Medicare denominator or beneﬁciary summary ﬁles.
Patient events. We identiﬁed patients who underwent
AAA repair between January 1, 2006 and December 31,
2009 by a hospitalization with a diagnosis code for intact
AAA (ICD-9-CM codes 441.4 or 441.9) or ruptured
AAA (441.3, 441.5) and a procedure code for AAA repair
(ICD-9-CM codes 38.34, 38.44, 38.64, 38.92, or 39.71).
We designated the ﬁrst such claim as the index procedure
and the date of the repair as the index date. Beneﬁciaries
younger than 67 years old on the index date were excluded
to ensure the presence of a complete claims record for at
least 2 years prior to the index procedure.
We deﬁned a follow-back period for each patient in the
cohort. For patients with index date in 2006 and 2007, we
followed claims back to January 1, 2002 or the beneﬁ-
ciary’s 65th birthday, whichever was later; for index dates
in 2008 or 2009, we followed claims back to January 1
of 2003 or 2004, respectively, or the beneﬁciary’s 65th
birthday, whichever was later. This ensured a follow-back
period of 2 to 5 years for all beneﬁciaries in the study.
We excluded beneﬁciaries with any Medicare Advantage
(part C) enrollment or those with incomplete part A or
part B coverage during their follow-back period because
claims for these patients were incomplete.
We identiﬁed preoperative imaging data during the
follow-back period, including ultrasound (current proce-
dure terminology codes 76700, 76705, 76770, 76775,
G0389, 93975, 93976, 93978, 93979), computerized
tomography (CT) (codes 72191, 72192, 72193, 72194,
74150, 74160, 74170, 74175, 74176, 74177, 74178,
74261, 74262, 74263, 75635) and magnetic resonance
imaging (codes 74181, 74182, 74183, 74184, 74185,
72195, 72196, 72197, 72198) of the abdomen. We
combined codes of the same modality on the same day as
one examination to avoid overcounting frommultiple codes
from a single examination. For example, we considered
a patient with a code for a CT scan of the abdomen (code
74160) and a CT angiogram of the abdomen (code
74175) to have had one examination. We also collected
data regarding the specialty of the physician ordering the
examination and the diagnostic reason for the examination.We deﬁned early diagnosis of AAA as a patient with
a time interval of greater than 6 months between the ﬁrst
imaging examination and the index procedure and late
diagnosis as patients who underwent the index procedure
within 6 months of the ﬁrst imaging examination. We
chose 6 months, as the follow-up interval reﬂected a deci-
sion to observe the patient after initial imaging but also
conducted a sensitivity analysis using a deﬁnition of
greater than 3 months as early diagnosis (Appendix, online
only).
Other measures. Patient age, sex, race, and Medicaid
status were recorded from denominator or beneﬁciary
summary ﬁles. Patient residence was grouped into urban or
rural areas using U.S. Department of Agriculture census-
based Rural Urban Commuting Area (RUCA) codes.6,7
Nonmetropolitan areas were deﬁned as a population of less
than 50,000 and included RUCA codes 4, 5, 6, 7, 7.2, 7.3,
7.4, 8, 8.2 8.3, 8.4, 9, 9.1, 9.2, 10, 10.2, 10.3, and
10.5. Metropolitan areas (population >50,000) included
RUCA codes 1, 2, 3, 4.1, 7.1, 8.1, and 10.1.
Median household income from 2000 Census Bureau
data was assigned to each beneﬁciary according to the
recorded beneﬁciary residence zip code. Information on
income was available for about 95% of Medicare beneﬁcia-
ries. Income was not available for those with a zip code
speciﬁc to a post ofﬁce box or for those living in zip codes
of less than 300 people. Beneﬁciaries with missing income
information were excluded from subsequent analysis.
Comorbidity was estimated using methods described by
Elixhauser et al.8 Hospitals were categorized by teaching
status and yearly AAA repair volume. Hospital AAA repair
volume was coded as a categorical variable by quintile.
Hospitals in the lowest quintile were deﬁned as low-
volume hospitals, and those in the highest quintile were
deﬁned as high-volume hospitals.
Statistical analysis. The characteristics of patients
with early vs late diagnosis and those undergoing repair
for intact vs ruptured AAAs were analyzed with standard
descriptive statistics: c2 for categorical variables and t-test
for means. Multivariable logistic regression modeling was
then used to determine independent predictors of early
diagnosis. Standard errors of the coefﬁcients were clustered
at the hospital level to control for unobserved hospital
characteristics such as differences in treatment patterns.
We controlled statistically for the patient’s sex and age
at the time of the index procedure; patient race (two cate-
gories: white, other); Medicaid eligibility during any of the
calendar year of the repair; comorbid conditions during the
study period; median household income according to the
beneﬁciary’s resident zip code, rural/urban classiﬁcation
of residence, yearly hospital AAA repair volume, and
hospital teaching status. Dummy variables for year of repair
were also included in the model to capture trends.
All hypothesis tests were done on a two-tailed basis
with P values of <.05 considered signiﬁcant. The lowest
P value reported was <.0001. Statistical analyses were per-
formed using SAS v. 9.1.3 (SAS Institute, Cary, NC) for





(n ¼ 6472) P value
Age at repair, years 78.0 6 6.0 76.86 6.1 <.0001
Sex
Male 75.1 80.5 <.0001
Female 24.9 19.5
Year





White 60.6 39.3 .86
Other 60.3 39.6
Residence
Metropolitan 61.8 38.2 <.0001
Nonmetropolitan 57.7 42.3
Hospital teaching status
Yes 61.3 38.7 .05
No 59.7 40.3
Medicaid eligible
Yes 60.0 40.0 .66
No 60.7 39.3
Hospital AAA volume
Low 48.9 51.1 <.0001
Medium 58.9 41.1
High 62.3 37.7
AAA, Abdominal aortic aneurysm.
Table II. Yearly trends for AAA repairs, 2006-2009
Variable Total 2006 2007 2008 2009 P value
Male, % 77.2 77.5 78.2 77.2 75.9 .15
Age, years 77.5 77.3 77.4 77.7 77.7 .004
Ruptured, % 8.1 8.5 8.1 8.0 7.7 .68
Early diagnosis, % 60.6 58.8 59.4 61.3 63.4 .0001
Metropolitan residence 70.7 71.4 71.5 69.6 70.2 .19
High-volume hospital, % 57.4 57.6 58.3 57.4 56.1 .29
AAA, Abdominal aortic aneurysm.
Table III. Yearly trends of ﬁrst images (intact AAA
repair)





49.4 49.8 51.0 48.7 47.9 .05
Ultrasound
examination, %
46.3 46.9 46.5 44.6 47.1 .13
AAA diagnosis, % 50.0 52.8 51.2 48.9 46.6 <.0001
AAA, Abdominal aortic aneurysm; PCP, primary care provider.
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Corp, College Station, Tex) for analysis.
RESULTS
A total of 14,948 patients underwent AAA repair
during the study period, 13,738 (92%) of whom had repair
for intact AAAs, whereas 1210 (8%) had repairs for
ruptured AAAs. Mean age at repair was 77.5 6 6.1,
whereas mean age at ﬁrst image was 75.1 6 6.1. Men
comprised 77% of the sample. Of the cohort, 95% were
Caucasian, 71% lived in metropolitan areas, and 62% were
cared for in a teaching hospital. Most patients (57%)
were treated in a high-volume hospital (median estimated
yearly AAA volume, 48 repairs/year), whereas only 2.1%
were cared for in low-volume hospitals (median estimated
yearly AAA volume, two repairs/year).
Early diagnosis was identiﬁed for 60.6% (62.9% for
intact AAA, 35.1% of ruptured AAA) of patients receiving
AAA repair, whereas 39.4% (37.1% for intact AAAs,
64.9% of ruptured AAAs) received prompt repair within
6 months of the ﬁrst image (late diagnosis). Patients with
early diagnosis received an average of 6.5 6 3.5 images
prior to repair, compared with 1.8 6 0.9 preoperative
images for patients with a late diagnosis. Mean follow-
back was 39.0 6 16 months for early diagnosis and
1.5 6 1.4 months for late diagnosis (P < .0001). Compar-
isons of those with early and late diagnosis are summarized
in Table I. Women were more likely than men to have
repair after early diagnosis (66.3% vs 59.0%; P <.0001),
as were those residing in metropolitan areas (61.8% vs
57.7%; P <.0001). Increasing hospital AAA volume was
also associated with an increasing proportion of patients
with early diagnosis (P < .0001).
From 2006 to 2009, there was a modest but steady
decrease in the proportion of AAAs with late diagnosis
(41.2% in 2006 to 36.6% in 2009; P < .0001) and a corre-
sponding increase in AAA repairs after early diagnosis. The
overall rate of AAA repair per 100,000 beneﬁciaries
decreased over the same period as well 143 in 2006, 140
in 2007, 133 in 2008, and 126 in 2009. Other trends
are shown in Table II.
The coded diagnosis for the earliest ordered image was
AAA in 52.2% of patients with an intact AAA repair (50.1%
with early diagnosis and 55.7% with late diagnosis). Other
commonly listed diagnoses were abdominal pain (7.3%),
renal pathology (7.0%), suspected gallstones (2.9%),
splenomegaly (1.0%), prostate neoplasm (1.0%), and diver-
ticulosis (1.0%). The proportion of those with AAAs as the
listed diagnosis of the earliest image decreased over the
course of the study (55.2% in 2006, 53.4% in 2007,
51.0% in 2008, and 48.6% in 2009; P <.0001).
Primary care providers (PCP)s ordered 51.0% of the
earliest images for patients ultimately receiving repair for
intact aneurysm. For those with a late diagnosis, PCPs
accounted for 44.0% of ﬁrst images. The trend for PCPs
ordering the earliest image showed no change for those
with early diagnosis, but for those with late diagnosis, the
rate decreased over time (Table III). Ultrasound wasmore commonly the modality of the earliest examination
for those with early compared with late diagnosis (57.4%
vs 36.5%; P < .0001). These rates were unchanged over
the course of the study period. Only 25.9% of those
receiving AAA repair received an abdominal ultrasound
with a diagnosis of AAA as the earliest image.
Table IV. Predictors of early diagnosis prior to AAA
repaira
Variable OR 95% CI P value
Female sex 1.39 1.27-1.49 <.0001
Age (per decade) 1.41 1.32-1.72 <.0001
Presence of rupture 0.32 0.28-0.37 <.0001
Year
2006 1.0 Referent
2007 1.02 0.93-1.12 .63
2008 1.12 1.02-1.23 .02
2009 1.20 1.09-1.33 .0001
Caucasian race 1.06 0.89-1.23 .50
Income
Low 0.97 0.85-1.10 .59
Middle 1.0 Referent
High 1.06 0.98-1.15 .17
Hospital volume
Low 0.82 0.64-1.04 .10
Mid 1.0 Referent
High 1.12 1.03-1.21 .005
Medicaid-eligible 0.98 0.86-1.12 .79
Nonmetropolitan residence 0.89 0.82-0.96 .003
Teaching hospital 1.01 0.93-1.10 .79
AAA, Abdominal aortic aneurysm; CI, conﬁdence interval; OR, odds ratio.
aAdjusted for patient comorbidity.
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for women, older patients, metropolitan residence, and
intact repair (Table IV). Compared with 2006, repairs in
2008 (odds ratio, 1.12; 95% conﬁdence interval, 1.02-
1.23; P ¼ .02) and 2009 (odds ratio, 1.20; 95% conﬁdence
interval, 1.09-1.33; P ¼ .0001) were more likely to have
had an early diagnosis.
Although intact repairs were more likely to be diag-
nosed early, we determined that 35.1% of patients under-
going repair for ruptured AAAs received abdominal CT
scan or ultrasound greater than 6 months prior to surgery.
An additional 4.9% obtained imaging 1 to 6 months prior
to repair. Only 57.3% of patients had no abdominal imaging
within 30 days prior to rupture. For patients with early diag-
nosis, those with rupture had fewer exams (median, 6 vs 5;
P<.0001) but similar time intervals between the ﬁrst image
and the index procedure (39.3 vs 38.9 months; P ¼ .75)
compared with those receiving repair for intact AAAs.
DISCUSSION
In the U.S. between 2006 and 2009, approximately
40% of fee-for-service Medicare patients who had AAA
repair underwent repair within 6 months of their ﬁrst
abdominal imaging. This contrasts with previous studies
of well-screened populations for which only 10% to 12%
of newly diagnosed AAAs undergo repair.3,4 The substan-
tially higher rate of repair in a short interval following the
ﬁrst image suggests that screening is underutilized in the
Medicare population.
Recent national efforts to improve insurance coverage
for screening include the Screen Abdominal Aortic Aneu-
rysms Very Efﬁciently (SAAAVE) Act, which has provided
expanded coverage for screening in Medicare since 2007.
However, the SAAAVE Act appears to have accountedfor only a modest increase in abdominal ultrasound exami-
nations, and only about 15% of those at risk based on
smoking history received screening examinations in 2009.5
The limited impact of the SAAAVE act may in part be due
to the narrowly deﬁned requirements of coverage. Patients
must receive the ultrasound examination within the ﬁrst
year of Medicare eligibility, and reimbursement is allowed
only if it is tied to the Welcome to Medicare examination.
Furthermore, unlike screening programs in the United
Kingdom and Europe for which patients receive a written
invitation to obtain a screening examination, in the U.S.,
patients must rely on the primary care provider to order
the test when indicated.
Based on changes that would be expected if the
SAAAVE Act had been widely adopted after its implemen-
tation in 2007, our ﬁndings support the conclusion that
our study population was poorly screened. Repair rates
did not increase over the study period, which would be ex-
pected if screening rates had increased.9 Conversely, the
proportion of primary care providers ordering ﬁrst exami-
nations for those with late diagnosis decreased over the
study period, as did the proportion of ﬁrst images with
a diagnosis of AAA and the proportion of ﬁrst images
that were ultrasounds. These ﬁndings together suggest
that a larger proportion of AAAs continue to be diagnosed
incidentally rather than as a direct result of an organized
screening program. As such, many who would beneﬁt
from screening remain undiagnosed and at risk for rupture.
Women in our study were found to be more likely to
undergo repair after early diagnosis. This may reﬂect that
women may be more likely to receive preventative medical
care and are therefore more likely to have received abdom-
inal imaging.10,11 In addition, women may be more likely
to be imaged for a family history or for other unrelated
abdominal symptoms. Conversely, women may get less
timely treatment care and have to wait longer until they
get AAA repair. Sex differences in timeliness of treatment
have been described for lung cancer, although it was not
known if the observed differences were due to differing
rates of refusal or some other reason.12
The ﬁnding that many AAA repairs were performed
soon after the ﬁrst imaging examination may also reﬂect
a patient or surgeon preference to repair AAAs at smaller
diameters in the U.S. compared with other countries. An
observational study of 10,228 patients undergoing endo-
vascular AAA repair in the U.S. demonstrated a mean
AAA diameter of 5.48 cm; 59.4% had an AAA diameter
of less than 5.5 cm13 at the time of repair. However, since
it was not uncommon to have the aneurysm measured for
repair prior to meeting size criteria for repair and because
the interval between the preoperative measurements and
the repair was unknown, no conclusions can be made
regarding the size of the aneurysm at the time of repair.
In addition, although repair of small AAAs may be preva-
lent, it most likely does not completely explain the high
rate of early repairs. Based on estimations of well-
screened populations, if we assumed in our study all
patients with AAAs greater 4.4 cm had been offered early
JOURNAL OF VASCULAR SURGERY
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after ﬁrst diagnosis,4 leaving an additional 15% in our study
unaccounted for.
Of particular concern was the observation that 35.1%
of patients with ruptured AAAs had received diagnostic
imaging at least 6 months prior to repair. Although the
goal of early diagnosis is to prevent rupture, other factors
may be contributory in preventing timely treatment.
Some may have had other conditions that required treat-
ment and delayed treatment of the AAA. Others may
have declined surgery prior to rupture or been lost to
surveillance follow-up. For others, AAA rupture may have
occurred at small diameters. As the risk of rupture of
AAAs 4.5 to 5.4 cm in diameter is approximately 1.4%
per year14,15 suggesting that rupture of small AAAs would
account for only a small proportion of ruptured AAAs.
Finally, the interval between the ﬁrst image and rupture
may have been long enough that the AAA may not have
been present on the earliest examination. In our study,
however, only 14.3% of those ruptured had a 3- or 4-
year interval between most recent image and rupture, and
no patient had longer than a 4-year interval, making this
explanation unlikely.
Our study is subject to certain limitations. As with all
studies involving administrative data, we were unable to
collect clinical information such as aneurysm size, which
would have provided additional information for our
analysis. Furthermore, interpretation is subject to errors
or variability in coding, such as differential coding of
comorbidities associated with different discharge status
and inability to distinguish the imaging diagnosis code as
a pre- or postimaging diagnosis.16 However, these errors
are less likely for hospitalizations of serious medical condi-
tions or requiring major surgical procedures.17,18 We
believe, therefore, that these limitations do not detract
from our primary conclusions.
In summary, we have shown that despite some
advances in screening practices, signiﬁcant missed opportu-
nities still exist in the U.S. Medicare population for
regarding AAA care. It remains common for beneﬁciaries
to undergo AAA repair soon after initial imaging, suggest-
ing that many AAAs are diagnosed incidentally rather than
as a direct result of improved screening. Conversely,
a signiﬁcant proportion of patients with early imaging
ruptured prior to repair. Both ﬁndings warrant further
study to evaluate the clinical factors associated with late
AAA diagnosis, as well as the adherence to surveillance
standards for those diagnosed early.AUTHOR CONTRIBUTIONS
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Supplementary Table (online only). Predictors of early
diagnosis prior to AAA repaira
Variable OR 95% CI P value
Female sex 1.36 1.24-1.50 <.0001
Age (per decade) 1.33 1.24-1.42 <.0001
Presence of rupture 0.30 0.26-0.35 <.0001
Year
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We performed a sensitivity analysis deﬁning early diag-
nosis as greater than 3 months between ﬁrst image and
surgery. With this deﬁnition, 66.5% (9942/14948) of the
cohort received an early diagnosis prior to surgery. Multi-
variate analysis with early diagnosis deﬁned as ﬁrst image
at least 3 months prior to surgery is shown below.2006 1.0 Referent
2007 1.02 0.93-1.14 .55
2008 1.11 1.00-1.23 .05
2009 1.11 1.00-1.23 .04
Caucasian race 0.94 0.78-1.14 .54
Income
Low 1.01 0.89-1.16 .81
Middle 1.0 Referent
High 1.04 0.95-1.14 .37
Hospital volume
Low 0.95 0.74-1.24 .73
Mid 1.0 Referent
High 1.09 1.00-1.18 .05
Medicaid-eligible 1.03 0.90-1.19 .66
Nonmetropolitan residence 0.86 0.79-0.94 .001
Teaching hospital 1.02 0.94-1.11 .61
AAA, Abdominal aortic aneurysm; CI, conﬁdence interval; OR, odds ratio.
aAdjusted for patient comorbidity.
